Introduction
Diabetes mellitus is a major cause of cardiovascular disease in large parts of the world [1] , and atherothrombotic complications are more prevalent in patients with diabetes than in nondiabetic individuals [2, 3] . In spite of the major differences in the pathophysiology of cardiovascular disease between the main types of diabetes, type 1 and type 2, there is at least one common characteristic -hyperglycemia. Hyperglycemia is a hallmark of diabetes, present for variable periods of time in patients with newly detected diabetes, and is thought to be involved in many processes that contribute to vascular complications. Although large clinical trials support strict regulation of blood glucose as a method to limit macrovascular disease, the specific contribution of hyperglycemia to large vessel disease has not yet been entirely established (discussed in [4, 5] ). In fact, in the vast majority of patients with type 2 diabetes, other risk factors involved in atherothrombosis such as high cholesterol and hypertension may have obscured the influence of hyperglycemia as a specific contributing factor [4] .
With regard to its effect on blood coagulation and thrombosis, hyperglycemia is known to be associated with enhanced platelet reactivity and increased production of thromboxane A 2 , a major platelet agonist substance [6, 7] . On the basis of a number of different studies, it has been concluded that blood platelets in patients with diabetes are generally hyperreactive to concentrations of agonists that are below threshold levels in nondiabetic persons. Whether this is true for type 1 and type 2 diabetic patients alike is unknown, but a strong correlation between thromboxane B 2 levels and HbA1c suggests that at least blood glucose is a common factor in this hyperreactivity [7] .
With regard to plasmatic coagulation activity, recent studies in healthy individuals convincingly showed that hyperglycemia induces a procoagulant response and a reduced fibrinolytic activity, the latter due to increased plasminogen activator inhibitor-1 concentrations [8, 9] . These experiments also clearly indicated that hyperglycemia rather than insulin levels is important in the procoagulant reaction. Although these human studies provide important insight into the mechanisms that underlie thrombosis, the generation of thrombin and attenuation of fibrinolysis in itself is not yet sufficiently indicative of a greater risk of thrombosis. In fact, no experiments have directly addressed the question of whether hyperglycemia contributes to arterial thrombosis and which mechanisms may be involved.
Atherothrombosis develops in the course of atherosclerosis, which is an inflammatory disease [10] . If hyperglycemia would accelerate arterial thrombosis, then the contribution of inflammation, which is known to cause procoagulant effects in vivo, could theoretically further enhance the prothrombotic effect of high glucose levels.
We undertook the present study to address one principal question: is hyperglycemia a trigger of arterial thrombosis, and, if so, is this related to vessel wall or blood-borne factors? To answer this question we utilized a model of ferric-chloride-induced carotid artery thrombosis in mice. The second question, addressed in the same experimental model, was based on the knowledge that thrombin generation driven by proinflammatory mediators is a recognized model for prothrombotic mechanisms in inflammation. Since atherosclerosis, the basis of human atherothrombotic complications, is an inflammatory disease, the combination of hyperglycemia and inflammation was expected to enhance the prothrombotic tendency in this model.
Materials and methods

Study design
The data described in this paper are from three subsequent experimental studies. In the first experiment we explored the thrombogenic effect of hyperglycemia in C57Bl/6 mice. For this purpose we compared two experimental groups: one consisting of normal wild-type C57Bl/6 mice (n ¼ 11), and the other of mice of the same genotype that were made diabetic by streptozotocin administration (n ¼ 10) (see below).
In the second experiment we were interested to determine the potentiating effect, if any, of inflammation inflicted by endotoxin administration, on thrombogenicity in diabetic mice, after having determined in experiment one that hyperglycemia accelerated thrombus formation. Hence, three comparative groups were used: control normal mice (n ¼ 10), mice with lipopolysaccharide only (n ¼ 10), and mice with lipopolysaccharide plus hyperglycemia (n ¼ 8).
In the third experiment we were interested in exploring the role of platelets in thrombin generation as a postulated mechanism underlying accelerated thrombus formation by hyperglycemia, and we compared platelets obtained from diabetic versus nondiabetic mice.
Animals and treatment
Female C57/Bl6 mice were obtained from Charles River (Maastricht, The Netherlands). The study was approved by the Institutional Animal Care and Use Committees of the Academic Medical Center, University of Amsterdam, as well as that of Maastricht University, both in The Netherlands.
Hyperglycemia was induced by a single intraperitoneal infusion of streptozotocin (200 mg/kg body weight) in 50 mmol/l citrate buffer (pH 4) at the age of 8 weeks [11] . If one streptozotocin injection did not induce hyperglycemia (glucose > 10 mmol/l) after 4 days, the injection was repeated with one single intraperitoneal injection of 150 mg streptozotocin/kg body weight. Control mice were injected with citrate buffer alone.
Arterial thrombosis
Ten weeks after streptozotocin injection, mice were anesthetized by intraperitoneal injection of 70 ml/g Fentanyl 0.315 mg/ml)-Fluanisone 10 mg/ml (Janssen Pharmaceutical, Beerse, Belgium)-Midazolam 5 mg/ml (Roche, Mijdrecht, The Netherlands) (FFM mixture). Body temperature was monitored with a rectal probe and maintained at 37 AE 18C via a heating pad and a halogenheating lamp. During anesthesia, extra oxygen (1 l/min) was supplied via a tube placed at the nose of the mouse. Acute arterial thrombosis was induced by application of ferric chloride (25% FeCl 3 ) to the left carotid artery, as described elsewhere [12] , resulting in the formation of platelet-rich and fibrin-rich thrombi [13] . Before and after application of ferric chloride, a Doppler flow probe was placed around the artery to measure blood flow. The time to occlusion was defined as the time after initiation of arterial injury with ferric chloride required for blood flow to decline to less than 0.2 ml/min. The closing time was defined as the time from the start of the flow reduction (i.e. thrombus formation) to the final occlusion.
Inflammatory stimulation
Endotoxin (5 mg Serratia marcescens lipopolysaccharide) was injected 10 weeks after streptozotocin or control injection in the foot. This dose was based on the priming injection used in the Shwartzman model for disseminated intravascular coagulation [14] and does in itself not elicit thrombosis or disseminated intravascular coagulation.
Plasma analysis
Blood glucose levels were measured with a Glucometer Elite (Bayer Diagnostics, Mijdrecht, The Netherlands) in a drop of blood from the tail vein. At the end of the experiment, 3.2% (w/v) sodium citrate in a total volume of body weight (g) per 13 Â 100 ml was intravenously administrated in the vena cava 20-30 s prior to blood drawing from the same vein into a syringe. Blood samples were centrifuged for 15 min at 3000 rpm at room temperature, and subsequently plasma was centrifuged for 5 min at 13 000 rpm to remove remaining cells and platelets, and immediately frozen at À808C. Plasma levels of thrombin-antithrombin (TAT) complexes were measured by a specific murine sandwich TAT enzyme-linked immunosorbent assay as described previously [15] . Plasma levels of interleukin-6, macrophage chemotactic protein (MCP)-1 and tumor necrosis factor a were measured by Cytometric Bead Array Analysis (Beckton Dickinson Biosciences, Pharmingen, San Diego, California, USA). Aspartate aminotransferase and creatinine in plasma, and creatinine and microalbumin in urine, were measured using standard techniques.
Tissue harvesting and histological analysis
At the end of the experiments, aortas were collected and stored at À808C whereas the left carotid arteries were formalin-fixed, embedded in paraffin, and sectioned. For immunohistochemical analysis, paraffin sections of 4 mm were deparaffinized and rehydrated. Sections were incubated with 1.5% H 2 O 2 in phosphate-buffered saline for 20 min and then blocked with TENG-T (10 mmol/l Tris, 5 mmol/l ethylenediamine tetraacetic acid, 150 mmol/l NaCl, 0.25% gelatin, 0.05% (vol/vol) Tween-20%, pH 8.0) for 30 min at room temperature. Thereafter, sections were washed and incubated with primary antibodies against tissue factor and fibrin O/N at 48C. Rabbit antimouse tissue factor antibody antibodies were developed in our laboratory by immunization of rabbits with a mixture of 500 ml Freund's complete adjuvant (BD, Franklin Lakes, New Jersey, USA) and murine tissue factor peptide P5 [16] . The final concentration of antitissue factor antibody was 1.3 mg/ml. Rabbit antirat fibrin antibody was kindly provided by Dr J. Emeis, TNO, The Netherlands and used in a 1 : 1000 dilution [17] . After incubation with the primary antibodies, tissue sections were washed, and goat antirabbit (DAKO A/S, Glostrup, Denmark) was used as the secondary antibody in a 1 : 250 dilution for 1 h at room temperature, and then washed with phosphate-buffered saline. The sections were incubated with SABC complex (DAKO A/S) for 1 h at room temperature, and washed. Enzyme activity was detected with AEC (Sigma, St Louis, Missouri, USA) after incubation for 5 min. Specificity controls included normal rabbit immunoglobulin in place of specific primary antibodies. For evaluation of tissue factor and fibrin immunostaining, a semiquantitative score approach was chosen using a magnification of 20 times. For tissue factor quantification, the following criteria were used: 0, no staining in thrombus and vessel wall; 1, focal staining in thrombus; 2, diffuse staining in thrombus; 3, positive staining in thrombus and focal staining in vessel wall. For fibrin immunostaining, the following criteria were used: 0, no staining in thrombus; 1, focal positive staining in thrombus. The degree of staining was evaluated blinded for treatment strategies.
Tissue factor activity Tissue factor activity was determined using an in-house assay. In brief, arterial tissue parts were homogenized in TBS, 50 mmol/l n-octyl-b-D-glucopyranoside, pH 8.4, immediately frozen in liquid nitrogen and subsequently thawed at 378C. Supernatants were collected through centrifugation at 14 000 rpm, 48C for 15 min, and stored at À808C. For tissue factor activity, samples were diluted in 25 mmol/l HEPES, 175 mmol/l NaCl, pH 7.7 and incubated with reaction buffer at 378C for 20 min. Final concentrations were 0.72 nmol/l recombinant activated factor VII (Novo Nordisk, Bagsvaerd, Denmark), 60 nmol/l bovine factor X (Sigma-Aldrich, St Louis, Missouri, USA), 3 mmol/l Ca 2þ , 7.2 mmol/l 20 : 80 phosphatidylserine : phosphatidylcholine. Activated factor X activity was kinetically measured using the chromogenic substrate S-2765 (final concentration 0.7 mg/ml diluted in 50 mmol/l Tris-HCl, 175 nmol/l NaCl, 30 mmol/l sodium ethylenediamine tetraacetic acid, pH 7.4; Chromogenix, Milan, Italy) for 15 min, each 15 s at 405 nm at 378C.
Quantitative reverse transcriptase-polymerase chain reaction
Expression of genes involved in inflammation and coagulation, interleukin-1b, tissue factor, intercellular adhesion molecule-1, vascular adhesion molecule-1, MCP-1, and endothelial selectin (E-selectin) was analyzed on the mRNA, extracted from homogenates from the descending aorta, by quantitative real-time polymerase chain reaction on an ABI PRISM 7700 combination of hardware and software (Applied Biosystems, Foster City, California, USA) using SYBR Green technology as earlier described [18] . Ratios of target gene and 36B4 expression levels (relative gene expression numbers) were calculated by subtracting the threshold cycle number of the target gene from the threshold cycle number of 36B4 and raise this difference to the square. The threshold cycle number values are defined as the number of polymerase chain reaction cycles at which the fluorescent signal during the polymerase chain reaction reaches a fixed threshold. Target gene mRNA expressions are thus expressed relative to 36B4 expression.
Platelet purification and procoagulant activity Blood was collected as described above. To each volume of citrated murine blood, five volumes of HEPES buffer containing 10% (w/v) bovine serum albumin (10 mmol/l HEPES, 137 mmol/l NaCl, 2.7 mmol/l KCL, 2 mmol/l MgCl 2 , 5 mmol/l glucose, pH 7.4) were added. The platelet-rich plasma was collected after centrifugation for 6 min at 200 Â g, and subsequently the platelet concentration was determined using a Coulter counter and adjusted at 1 Â 10 6 /ml using HEPES buffer containing 0.05% (w/v) bovine serum albumin.
Platelets were activated with collagen (5 mg/ml) and thrombin (4 nmol/l) in the presence of CaCl 2 (3 mmol/l) for 10 min at 378C under continuous stirring. Platelet procoagulant activity was measured by addition of activated factor X, activated factor V and prothrombin to the activated platelet suspension. More specifically, the following conditions were used (final concentrations): 0.7 Â 10 6 /ml platelet concentration, 1 nmol/l activated factor X, 2 nmol/l activated factor V, 3 mmol/l CaCl 2 . Thrombin formation was started by addition of prothrombin (555 nmol/l) and was arrested after 4 min by addition of 5 mmol/l ethylenediamine tetraacetic acid. Thrombin was measured using the chromogenic substrate S2238.
Bovine serum albumin (essentially fatty acid free), was obtained from Sigma. Coagulation factors activated factor X, activated factor V, prothrombin and thrombin were purified from bovine blood as described before [19] . Thrombin-specific chromogenic substrate S2238, was obtained from Chromogenix (Mö lndal, Sweden). Horse tendon collagen was from Horm Nycomed (Mü nich, Germany). All other reagents were of the highest grade commercially available.
Statistics
Data are represented as the mean with standard error of mean for normally distributed variables, and as the median with 25-75% quartiles for non-normally distributed variables. Differences between groups were assessed using the nonpaired Student's t-test for data with a normal distribution or the Mann-Whitney test for data with a non-normal distribution. P values less than 0.05 were considered statistically significant. Statistical analysis was performed using SPSS version 12.01 for Microsoft Windows (SPSS Inc., Chicago, Illinois, USA).
Results
Hyperglycemia and systemic inflammation
In the first experiment, diabetic mice were compared with nondiabetic C57Bl/6 mice with regard to inflammatory gene expression and thrombosis. In this experiment, blood glucose levels were 22.2 AE 5.8 mmol/l in the diabetic mice versus 7.3 AE 2.2 mmol/l in the control mice, respectively. No plasma was obtained for systemic inflammatory cytokines, assuming that hyperglycemia as such would not induce systemic inflammation. The results of aorta gene expression levels are indicated in Fig. 1 , showing that diabetes as such did not induce inflammatory gene expression in the vessel wall. In fact, only a significant suppression of interleukin-1b was observed.
Hyperglycemia, systemic inflammation and organ failure after endotoxin injection Blood glucose levels were significantly higher in the diabetic mice as compared with all nondiabetic mice (diabetic, 23.9 AE 5.8 versus nondiabetic, 7.3 AE 2.2 mmol/l; P < 0.001) measured before endotoxin injection. Figure 2 shows the effect of diabetes against the background of inflammation (after lipopolysaccharide treatment) on mRNA levels in the aorta. Two findings stand out. First, endotoxin injection induced a greater than twofold increase in median vascular adhesion molecule-1 level in the vessel wall of normal mice, but not in diabetic mice. A similar trend of increased expression after endotoxin injection in normal mice, but not in diabetic mice, was observed for intercellular adhesion molecule-1 expression ( Fig. 2) . Second, in the diabetic mice, endothelial nitric oxide synthase expression was more than five-fold increased after endotoxin injection. In nondiabetic mice the increase after endotoxin in endothelial nitric oxide synthase expression was only moderate and was not statistically significant. Similar patterns were observed for MCP-1, tissue factor, E-selectin and P-selectin expression, although none of these differences reached statistical significance.
An overview of plasma markers of systemic inflammation and organ failure 24 h after endotoxin injection is shown in Fig. 3 . In mice injected with endotoxin, a significant increment in plasma concentrations of tumor necrosis factor-a, interleukin-6 and MCP-1 was measured, In addition, markers of liver and kidney damage in plasma were higher in all endotoxin-treated mice compared with control mice: (d) creatinine, (e) aspartate aminotransferase (ASAT). All endotoxin-induced inflammatory and organ failure markers did not statistically differ between diabetic and nondiabetic endotoxin-treated mice, except for the creatinine-albumin ratio in urine (f), which was significantly higher in diabetic mice treated with endotoxin compared with both nondiabetic mice with and without treatment with endotoxin. Data from mice with diabetes only are not available.
indicating ongoing inflammation. No statistically significant difference was observed in plasma cytokine levels between diabetic mice treated with endotoxin and nondiabetic mice treated with endotoxin. Plasma markers for kidney function (creatinine) and liver damage (aspartate aminotransferase) were also increased 24 h after endotoxin injection in both diabetic and nondiabetic mice (P < 0.05), whereas the albumin-creatinine ratio in urine, a marker for kidney damage, was only significantly increased in diabetic mice treated with endotoxin.
Hyperglycemia and acute arterial thrombosis Application of ferric chloride to the carotid artery resulted in thrombus formation within 30 min in most mice. The typical flow curve is schematically indicated in Fig. 4a .
In the first experiment we addressed the effect of hyperglycemia on thrombus formation. As illustrated there was a considerable variation in times to occlusion (Fig. 4b) , but the closing time showed a statistically significant reduction in the diabetic mice, suggesting accelerated thrombus formation (Fig. 4c) . In the second experiment, the effect of hyperglycemia superimposed on inflammation was studied. No diabetesonly group was included in this particular experiment.
In contrast to our expectation, the endotoxin-treated mice showed a trend towards a prolonged time to occlusion and a significant prolongation of the closing time ( Fig. 5 ). This subtle antithrombotic effect of lipopolysaccharide was attenuated by hyperglycemia, showing a statistically significant reduction in the closing time to a level comparable with control levels (no diabetes, no inflammation) ( Fig. 5 ). 
Thrombus composition and immunohistochemistry
Serial sections of the left carotid artery segment that had been treated with ferric chloride showed total occlusion by a platelet-rich thrombus (data not shown). Erythrocytes amidst platelets were seen in adjacent sections. Ferric chloride was seen in the vessel wall and on the endothelium in the vessel lumen of the segment that had been treated. No significant differences among any of the groups in the two experiments were observed with regard to the semiquantitative analysis of immunostaining for tissue factor in the occluded vessel walls, or thrombus composition (data not shown).
Platelet prothrombinase activity and vessel wall tissue factor in relation to hyperglycemia Since the mild prothrombotic effect of hyperglycemia observed after ferric chloride induction was not readily explained by local thrombus and vessel wall factors, we carried out a third experiment to address platelet function related to thrombin generation in streptozotocintreated mice, without additional endotoxin stimulation. The main argument for this separate experiment was that the accelerated clot formation, together with the enhanced thrombin generation (TAT levels) post thrombosis, suggested a circulating prothrombotic factor, with the literature suggesting platelets to be the likely factor involved. In a separate experiment, therefore, C57BlJ6 mice were made hyperglycemic by streptozotocin as indicated above. Mean blood glucose values were 15.9 AE 1.3 mmol/l in the diabetic group and 8.2 AE 0.4 mmol/l in control mice. To ensure that hyperglycemia would not influence vessel wall tissue factor activity, we determined this in aorta homogenates. This analysis showed comparable levels in aortas from control and hyperglycemic animals (1762 AE 272 and 2086 AE 566 pmol/l, respectively; P > 0.05).
Platelet prothrombinase activity as analyzed by thrombin formation in response to collagen alone was not different between hyperglycemic and control animals (Fig. 6a ). In an assay in which collagen and thrombin were added in combination to induce platelet prothrombinase activity, thrombin formation was enhanced in hyperglycemic animals (62.8 AE 4.6 nmol/l per min) as compared with control mice (48.1 AE 2.0 nmol/l per min; P ¼ 0.016, data given for the 4 min time point) (Fig. 6b ).
Discussion
Although hyperglycemia is a characteristic feature of diabetes type 1 and type 2, its influence on atherothrombosis remains poorly characterized. Recent studies in humans, however, indicate that in addition to the known effects of hyperglycemia on platelet reactivity, a procoagulant as well as an antifibrinolytic effect is initiated upon experimentally induced hyperglycemia [8, 9] . Direct proof of a hyperglycemic effect on occurrence of arterial thrombosis had, however, not yet been reported.
Our experiments provide two novel outcomes that link hyperglycemia to thrombosis. First, although hyperglycemia does not have any impact on time to occlusion in the established model of ferric-chloride-induced carotid artery thrombosis, the rate of thrombus formation is accelerated. Second, while in the experimental model of inflammation a (temporary?) delayed thrombus formation occurred, hyperglycemia attenuated this effectagain pointing in a prothrombotic direction.
In the experimental thrombosis model, the application of ferric chloride is known to induce endothelial cell damage, leading to exposure of subendothelial platelet binding and activating proteins including collagen [20] . This model has been widely used for testing prothrombotic conditions, and investigating mice with a functional deficiency of the anticoagulant cofactor thrombomodulin indeed showed a shortened time to occlusion, confirming the validity of the model in our hands [21] .
In general, thrombus formation depends on interactions of the damaged vessel wall with blood components. The lack of difference in time to occlusion between hyperglycemic and normoglycemic mice in our study suggests that the factor 'hyperglycemia' did not have a major impact on most of the components of Virchov's triad. Indeed, we did not find a difference in tissue factor gene expression (both mRNA and protein activity) and tissue factor activity in the arterial vessel wall (aorta), nor a conspicuous difference in composition of the clot. In addition, we did not observe a proinflammatory action of high blood glucose on the vessel wall as indicated by unaltered gene expression levels of a number of proinflammatory mRNAs. The arterial vessel wall therefore appears not to be grossly perturbed with regard to proinflammatory and procoagulant gene expression levels.
To explain the accelerated rate of arterial thrombus formation we assumed that an effect on platelets may be responsible, taking into account the similarly increased thrombin generation in hyperglycemic mice. In order to study the contribution of platelets in this process, we set up a separate experiment involving hyperglycemic mice. Platelets were isolated from control and hyperglycemic mice and diluted to an appropriate concentration for the study of thrombin generation after collagen stimulation. These conditions mimic the in-vivo situation, where platelets stick to collagen on the inner surface of the damaged vessel wall, resulting in activation and aggregation. The ex-vivo experiment showed increased procoagulant activity after collagen/thrombin-induced activation of platelets from hyperglycemia animals. Activation of platelets by collagen alone, however, had no effect on procoagulant activity, most probably due to the synergistic effect of collagen and thrombin [22] .
Platelet procoagulant activity is mainly determined by the extent of surface-exposed phosphatidylserine, and the increased procoagulant activity in hyperglycemic mice suggests either an increase in the platelet fraction that exposes phosphatidylserine or an increase in phosphatidylserine exposure within the fraction of platelets exposing phosphatidylserine [22] . The mechanisms involved may consist of different factors that act in concert to lead to a platelet phenotype of enhanced reactivity to usually subthreshold concentrations of stimuli, which is known to occur in platelets from diabetic individuals [6, 7] . These factors may be related to altered biomembrane properties due to glycation of surface phospholipids and proteins. Whether this also includes an alteration in the distribution of phosphatidylserine and phosphatidylcholine in the outer platelet membrane remains to be established. Although one study reported such a finding induced by high glucose concentrations in vitro [23], we have not been able to confirm this in a model of erythrocytes subjected to different glucose concentrations (Wolfs and Bevers, unpublished data).
In patients with diabetes mellitus and atherosclerosis, inflammation is considered to contribute to the pathogenesis of the increased risk for acute arterial complications, such as myocardial infarction or stroke [1] . In the present experiment, inflammation was imposed by endotoxin injection in mice. Next the combination of hyperglycemia and this inflammatory state on arterial thrombus formation was determined.
In wild-type mice, low-dose endotoxin resulted in sustained systemic inflammation and organ damage 24 h after injection. This condition was not markedly different in hyperglycemic mice, although some levels of vessel wall gene expression differed from nondiabetic animals. One unsuspected finding was that at this stage of inflammation arterial thrombus formation was delayed as compared with noninflammatory mice. A second unsuspected observation was that hyperglycemia appeared to neutralize this delayed thrombus formation.
These data suggest that systemic inflammation due to low-dose endotoxin injection induces a (transient) antithrombotic state in normal mice, but not in diabetic mice. This absence of an inflammation-induced antithrombotic state might play a role in the increased risk for acute arterial thrombosis in patients with diabetes. The causes of this antithrombotic state may be due to a temporary hyporesponsiveness of endothelial cells, inflicted by inflammation and oxidative stress [24] . During this refractory period, endothelial tissue factor expression and tissue-factor-related procoagulant activity is reduced in response to the initial stimulus. Similar thromboprotective effects of endotoxin administration are seen in in-vivo studies in relation to myocardial ischemia and reperfusion [25] [26] [27] , and this effect is referred to as 'preconditioning'. Interestingly, endotoxin injection in the diabetic mice resulted in a different vascular reaction compared with the nondiabetic mice: no reduced thrombus formation, no increase in vascular adhesion molecule-1, significantly higher expression of endothelial nitric oxide synthase and increased TAT levels were observed. We speculate that the inflammatory state secondary to hyperglycemia and present before the endotoxin injection might have been responsible for these differences in thrombotic responses. There is evidence that hyperglycemia is associated with a reduced adaptive response to endothelial injury caused by ischemia/reperfusion damage [28, 29] . It is possible that in the present study a similar diminished capacity to adapt to endothelial injury explains why the thrombotic occlusion time in diabetic endotoxin-treated mice was reduced compared with the control endotoxin-treated mice. The mechanisms behind these different reactions to endotoxin, however, remain unexplained.
Several limitations of this study should be taken into account. First, the experiments are all descriptive in nature, not proving beyond doubt the direct association between blood glucose and thrombosis. Another factor related to the experimental model is that the 'closing time' is not a common determinant in ferric-chlorideinduced thrombosis. Indeed, the commonly used 'time to occlusion', subject to marked variation in the present experiments, is not significantly influenced, which appears to rule out a large thrombotic effect. The reproducible finding of differences in the rate of occlusion, however, leads us to think that this is a relevant novel marker of thrombus formation that may be quite suitable as a determinant of blood-related thrombogenic (or antithrombotic) influences.
In conclusion, we observed that experimentally induced hyperglycemia caused a mild prothrombotic influence in normal C57/Bl6 mice, while the antithrombotic response induced by a low dose of endotoxin was attenuated by hyperglycemia. Both effects are illustrative of a thrombotic effect of high glucose concentrations in blood and may explain part of the risk of cardiovascular disease in patients with type 1 diabetes. The reduced antithrombotic response may also be pathophysiologically relevant, since this conditioning mechanism may provide a natural defense against thrombosis during infections. In a condition of hyperglycemia (diabetes), however, possibly related to increased thrombin generation and vascular oxidative stress responses, this protective mechanism fails. It is tempting to speculate that this difference in thrombotic responsiveness may put patients with diabetes who are at increased risk of infectious complications also at greater risk of atherothrombotic complications. This observation may also give an additional explanation for the clinical benefit of aggressive glucose regulation in critically ill patients [30] .
